Stanton studied in 1940 the Parker Davis dam in California, which showed cracking and expansion. As a result of his study, Stanton concluded that the damage was due to an interaction between aggregates (altered andesites and rhyolites) and the alkalis of the concrete pore solution (Poole, 1992).
some aspects should be investigated, like the development of faster and more reliable methods to evaluate the potential reactivity of aggregates (Poole, 1992; Wigum, 1995a) .
In alcali-silica reactions (ASR) a deleterious chemical reaction takes place between certain reactive siliceous minerals in aggregates and alkali ions in the concrete pore solution. This reaction produces a gel, which imbibes water and expands when it is exposed to moisture, cracking the aggregates and the cement paste. Depending on the rate of reaction, there is a rapid ASR due to aggregates containing metaestable or microcrystalline quartz, and a slow/late ASR, when aggregates contain strained or microcracked quartz.
Traditionally the potential reactivity of rocks has been evaluated according to their geological term, and granitic rocks are commonly classified as innocuous. Sometimes they appear as low-reactivity aggregates (Lorenzi et al., 2006) if there is strained (Wigum, 1995b) or microcrystalline quartz in their composition (Grattan-Bellew, 1992; Wigum & French, 1996) . The attack of the quartz by the concrete pore solution takes place mainly on the surface, or through existing cracks or microstructural alterations. Thus, a high concentration of dislocations, microcracks or stress due to the crystal deformation, could enhance the quartz reactivity (GrattanBellew, 1992; Peng-Xiang, 2004 y Ponce & Batic, 2006 . Also, polygonization of crystals to form microcrystalline quartz could cause the reaction.
Research significance
In this investigation it has been carried out a comparative study of the development of slow and rapid alkali-silica reaction in granitic aggregates. The aims of this investigation were: -To study how alkalis in concrete pore solution penetrate into aggregates, for both slow-and rapidreacting aggregates.
-To observe the evolution of the alkali-silica gel formed in both cases.
-To analyse the influence of the feldspars in the progress of the ASR.
The final goal was to contribute to a better understanding of the slow/late reaction, less studied than the rapid one, and much more frequent in the Spanish dams.
Knowing more about this kind of reaction could allow us to develop new and more accurate methods for the detection of slow-reacting aggregates.
Methodology
Two granitic aggregates were selected, extracted from the concrete of two Spanish dams affected by ASR. One of them showed microcrystalline quartz as reactive component and the second one had strained and microcracked quartz without presence of any other reactive component.
Both aggregates were tested according to the Spanish standard (UNE 146508 EX, similar to ASTM C 1260) to evaluate the potential reactivity. Once the expansion of the mortar bars was measured, thin sections were made according to ASTM C 856 04. The process to make these thin sections is similar to rocks, but using oil as refrigerant agent instead of water, to avoid alteration of the mortar.
The thin sections were stained (they are immersed in a saturated solution of Copper-Ammonium Sulphate during 72 hours) following Ponce & Batic (2006) , Poole et al. (1988) and St John et al. (1998) to facilitate the identification of the alkali-silica gel.
Afterwards the stained fragment is glued on a microscope slide and is polished to have a section around 30 µm thick. With the staining process the gel formed by the ASR is dyed blue and is easily detectable with a stereomicroscope. The polarized microscope allows us to identify the reactive components and the reaction development.
Characterization of the studied aggregates

Petrographic examination
Two different granitic aggregates extracted from two dams affected by the ASR were studied.
The first one (Aggregate A) is classified as porfidic biotite granodiorite (Streckeisen, 1974) . This granodiorite is quartz rich and fine to medium grain sized ( Fig. 1-A and Fig. 1-B) . The main minerals in this rock are:
Quartz (41%): Anhedral shape and hard strained with undulatory extinction, polygonised. The rock shows microcrystalline quartz in the subgrain boundaries formed by recrystallization ( Fig. 1-C and Fig. 1-D) . Because of the detection of the microcrystalline quartz in this rock, it was quantified in accordance with RILEM (2003) .
Plagioclase feldspar (30%): They have subhedral or anhedral shape crystals, some of them zoned and others are multiple twinned. Biotite (17%): It shows tabular crystals parallel to foliation. Some of them show deformation as the nearby quartz ( Fig. 1-C) .
The second sample (Aggregate B) is a monzogranite Streckeisen (1974) (Fig. 1-E and Fig. 1-F Fig. 2-B) . Some crystals show plagioclase feldspar and biotite inside.
Plagioclase feldspar (39%): It shows subhedral crystals and multiple twinned and zoned crystals.
Potassium-rich feldspar (23%): It shows Perthitic, subhedral crystals with cross-hatched and Carlsbad twinning.
Biotite (10%): It appears as subhedral crystals and sometimes they form microgranular agglomerates.
Quantification of the microcrystalline Quartz in the Aggregate A
The quantification of the microcrystalline quartz was carried out according to the RILEM method. An important amount (8%) of microcrystalline quartz was found in the petrographic analysis of the Aggregate A, which explains the ASR affecting the dam and its deterioration (Table 1) .
It has not been detected microcrystalline quartz in Aggregate B and so, its reactivity is only caused by the microcracked and strained quartz present in the monzogranite. Figure 3 shows the results of the accelerated mortar bars test. Aggregate A just exceeded the expansion limit (0.20%) at 28 days, whereas Aggregate B showed an expansion of 0.085% at 28 days and exceeded the limit at 75 days.
Results from the petrographic examination of the mortar bars
Therefore, the Aggregate A is classified as alkali reactive according to the method criteria and the Aggregate B is classified as innocuous, although indeed the dam was affected by ASR.
Slow-reacting aggregates
In the slow-reacting aggregates the concrete pore solution penetrates into the quartz through two main access channels: subgrain boundaries or previous microcracks in the crystals. The difference between both ways is observed with the polarized microscope. There is undulatory extinction in the first case (Fig. 2-C and Fig. 2-D) and not in the second one (Fig. 2-E and Fig. 2-F) , which instead shows small microcracks. The production of gel is higher in the microcracked particles (Fig. 4-A) than in those with strained quartz (Fig. 4-B) at the same treatment age (180 days). These results can help to explain the bad correlation between the potential reactivity and the UEA (undulatory extinction angle), usually mentioned in the bibliography.
A partial dissolution of the strained quartz can be found in the zones where the polygonization is visible. The dissolution of the quartz appears where the presence of dislocations and previous microcracks is more marked (Fig. 4-C) .
Alkali-silica gel is formed inside the aggregate when the silica from the strained quartz is dissolved. The presence of alkali-silica gel starts to be visible after 90 days of treatment (Fig. 2-C,  Fig. 2-D and Fig. 4-D) , just when the expansion limit is exceeded.
When the pore solution attack and the gel generation continues, it begins to fill the concrete micropores cracking the cement paste and cracks spread out (Fig. 4-E) .
If the bars are stored for a longer time, more gel can be observed in the aggregate particles, especially in those with previous cracks (Fig. 4-F with defects in the crystal lattice) is much more frequent at later stages and the pores of the paste contain a huge amount of gel. The aggregates and the cement paste cracking is also much more intense (Fig. 5-A) .
Rapid-reacting aggregates
The rapid-reacting granite studied in this research shows a similar slow/late reaction than the previously described, developing in the subgrain boundaries and especially in the microcracks. But also a quicker reaction can be observed, which is concentrated in the microcrystalline quartz.
The evolution of the reaction in the rapid-reacting aggregates is as follows:
The concrete pore solution infiltrates into the particle and it advances from the surface of the particle surrounding the microcrystals. The microcrystalline quartz shows a rapid dissolution and large zones inside the particles are dissolved (Fig. 5-B) .
Afterwards, the alkali-silica gel is formed inside the aggregate and flows to the paste pores around it (Fig. 5-C) .
The aggregates dissolution in this kind of aggregates is obvious rapidly and in a short period of time the mortar pores have a huge amount of gel inside. The microcracking of the aggregates, as well as the cement paste, is more intense at earlier stages (Fig. 5-D, Fig. 5-E age: 41 days) . This is in agreement with the high and quick expansion registered in the accelerated mortar bar test (0.274% in 41 days).
Role of the feldspars
The contribution of the feldspars to the ASR was observed in the granitic rocks studied. So, there are particles with a large amount of gel just where the quartz crystal is in contact with the plagioclase feldspar (Fig. 6-A and Fig. 6-B) or potassium-rich feldspar (Fig. 6-C and Fig. 6-D) .
This effect could be more accused if the granite contains mirmekite or perthite structures, like the one studied.
Conclusions
Some international recommendations about ASR classify the reactivity of rocks according to their geological term, but the same kind of rock could be slow-or rapid-reacting aggregate depending on its components and/or its microstructural characteristics.
At the moment, there are no methods reliable enough to evaluate the reactivity of slow-reacting aggregates, which are the most frequent in Spain.
In this study a comparative study of two granitic rocks extracted from two ASR affected dams has been carried out. One of them is a slow-reacting aggregate, with strained and microcracked quartz as reactive component, and the other one is a rapidreacting aggregate, with microcrystalline quartz as reactive component.
In rapid-reacting aggregates, the attack by the concrete pore solution begins to dissolve the zones of microcrystalline quartz just in contact with the cement paste. This generates a huge amount of gel, A. which is accumulated mainly in the surrounding paste in a short period of time. Additionally, there is also a slow/late reaction, originated by the strained or microcracked quartz. In slow-reacting aggregates the concrete pore solution enters slowly inside the aggregate mainly through the microcracks and to a less extent through the subgrain boundaries. The cracking system is filled by the expansive gel and in the junction of different microcracks may appear silica dissolution.
The described mechanism explains why the correlations between UEA and the aggregate reactivity does not give good results in these kind of aggregates, because the main mechanism of formation and storage of gel is associated to the microcracks instead of the subgrain boundaries. 
